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(54) Pmcess lor piodudng Wmodal ethylene polymers In tandem reactors 

(57) A process is provided for producing a bimodal 
ethylene polymer blend comprising contacting in a first 
gas phase, fluidired bed reaction zone under polymeri- 
zation conditions, a gaseous monomeric composition 
comprising a major proportion ol ethylene and. option- 
ally, hydrogen, with a Zegler-Natla catalyst, the hydro- 
geri/ethylene molar ratio (Ha/Cj ratio) being no higher 
than about 0.3 and the ethylene partial pressure being 
no higher than about 100 psia. to produce a relatively 
high molecular weight (HMW) polymer associated with 
catalyst particles, transferring the HMW polymer assoa- 
ated with catalyst particles to a second gas phase, fluid- 
ized bed reaction zone into which is also fed hydrogen 
and a gaseous monomeric composition compnsing a 
major proportion of ethylene, under polymerization con- 
ditions including an Hj/Cz ratio of at least about 0.9 and 
at least about 8.0 times that in the first reaction zone, 
and an ethylene partial pressure of at least 1.7 times 
that in said first reaction zone, to produce a low molec- 
ular weight (LMW) polymer deposited on and wHhin the 
voids of the HMW polymer/catalyst particles, the result- 
ing bimodal polymer blend obtained from the second 
reaction zone having a fraction of HMW polymer of at 
least about 0.35. 
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Description 



rete^eV^handlovvmolecularweightpolym^ 

«£S Slyst is then transferred to a ^,'^J^„tJ wtrStS^^ trarisilion melal catalyst compo- 
«^^r£rt from the cocatalysl utilized iri the f 

" r^eSrla^gaseousr^x^^^^^^ 

att,JS5.mertr8kepttoareiativelyiow^J«^^^^ 
JSeL'eador wHh a ^^^^t^^ a'tlcjSmol^cularw^^^ 

in to 200 times the ratio in the llrst reactor. molecular weights of the HMW ana 

« WziSWntoethyleneraliosset^ 
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from 2.0 to 4.0. «.nerficial aas velocity or to absorb heat ol reaction, an inert gas such 

If desired tor any purpose, e.g.. to »' s»JPj'"al S^s Thusthe total pres- . 

as nitrogen may also be present in one or both reartors^a*^^^ 
,0 5ureinbothreactor8inaybelntherange.torexatnple.ftom100to600ps.gu» 

The residence time ol the catalyst in each reactor s '^^^^r^J^'^^i^ polymer product. 

reactor and enhanced in the second reactor. ^<^'^»«^t '^'J ^^'^^^^^^^ 
Thus, the residence timemay be. lor exampMrom Oj^^^^^^^^ 

for example, from 1 to 1 2 hours, preleral^r from 2.5 to 5 h^^^^^^ 

to 90 cm/sec. ^ - ^ . . nrtlvmer oer gram atom of transition metal in 

^ Theproductivityoftheprocessinthef-^rea*^^ 

the catalyst multiplied by10^ may befrom1.6to16.a^^^ 

35 using Steady State process data. ^^^^hoeoiAioinWfractionofHMW polymer of at least about 

Lflnal gmnularbimodal polymerfromthe^cord re^^^^^^^^^^ 
0.35. preferably from 0.35 to 0.75. more preferaWy from 0-45 to 0_M^ X index) from 60 to 250, preferably 
1 00 grams/10 min.. a melt flow ratio (MFR, f '^"f «^ « JfJ^'?,'; ''"J "^^^ ^^ge particle size (APS) from 127 
from 80 to 150. a den^ty from 0.89 to 0.965. P;^^|J^J^,^;°2n^^^^^ S^SsLS pass through a 120 mesh 

« to1270.preferablyfrom380tol100m.cmns.a.2a«j^^^^ 

screen) of less than about 10 weight percent, preferably ™" ^T*..^^^^^ reactor and that the percentage of 
J^as been found that a very low amount of fines are produced amount of fines are pro- 

ves changes very litde across Je second reactc^^ 

duced when thefirst or only reactor rn « O^f '^f J "'f^^^^''^^^ in uie process of this invention, the 
« w^gh. (LMW) polymer as defined heran. PJ^^^^^^^^i^^^^^^^ of the HMWpc^ymer particles 

8rty(SBD)acrossthesecondreaclorwhiletheAPSsteys^^^^^^ ^„ ^ a 

When pellets are formed from granuter ^^^fXltoin^ 

of the granular resin. •..7:^i„r^a«flcatalvsl also referred to in the literature as a coordination 

55 ThecaWystusedinthepolymerizationisaZiegier-Natta wtaJ^^^ catalyst component agent, and a 

catalyst. These catalysts are composed of a ^^^^''^^'^ a Sydr^XSon metal may be. 
reducing agent as titanium. e.g.. in the fr)rm of a 
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", ,.> „»ih« Periodic Table and is preferably aluminum in the form of a 

; tran6ition8erie80therthan«)pp9roflhePenod.cTa^^ 

vert with electron donor propertes. J"'^,^^ cocatalyst as is in the polymerization process. 

maythenbeutaizedwithanorganometeHicconpo^^ 

AdJarttageously. however, ihese^tal^^ares^^^^^ 
an aluminum oxide. The Sipportedc^jjt may^pr^ ^ 
10 before combining it with the organomelallic or metal tiyanoe coca , 

'"^elS^'^ 0. catalysts of the foregoing category comprises: 

O)acata,yst.ecursorcon.,e..^^re.c^.exes«ns^ngessent.l.y.magn.^^^^ 

,5 and an electron donor; and 

00 at least one hydrocaibyl aluminum cooayyBl. 

« «,«ni«vp« is exemolified by an empirical formula MgaTi(OR)bXe(ED)d 
The titanium based complex or mixture of ^-^Pl^^^ '^^^ Z carbon atoms or COR' wherein R' is an 
wherein R is an ^Iphatic or aromatic ^rocarbon rad.«l te^Jg^^^^^ ,^ ^.^ ^ Br, 

«, aliphatic or aromatic hydrocarbon radi<«l having 1 ^ ^^-^J^JJ^jf the precursors of the titanium 

orlormbcturesthereofiEDfeanelec*^^^^^^^^^^ 

based complex are soluble; a « 0.5 »f J' « °j • " 2- Separations, has the formula Ti(OR)aXb wherein R and 
The titanium compound, which can be used in *e alwe Prepa ^ ^^^^ compounds are T.CI3. 

X are as defined for component (i) above, a is 0 J or 2 b ,s 1 to 4. ana a« 

- ^^'^»=ShS»^^^^ 

'"irrSorcanbesele^edfromthegroupc^^^^^^^ 

aliphatic ketones, diphatic amines, ^'^^^'^^'J^^J^'^^^ alkyi and cycloalkyi ethers having 
donor having 2 to 20 carbon atoms. Among these electron donws the P^f^KM a ^ 
SS:b?n atoms; di^M.diaryl. and alkary.^^^^ 

esters of alkyi and aryl carboxylic acris ha«ng 2 * » carto" atonB^ X a^tSe. butyl acetate, ethyl ether, dioxane^ 

rprrrcrxtrsac^^^^^^ 

"rSystm«y.forexam.e.h.ethe^^^^^^^^^ 

aliphatic hydrocarbon radicals having \^ ^ ett,yl, propyl, isopropyl. butyl, isobu^tert- 
e;f + g = 3. Examples of suitableRR. ^'^'^^J'^^-^^^ nonyl. isodecy^, 

but^. f^ntyl. neopentyl. hexyl, 2-methyJertyl. ^^PM. suSe Rand R" radicate are phenyl, phenethyl. 

unde(vTdcdecyl.cydohexyl.cycl*eptJ Jjcy^^ 
45 methyloxyphenyl. benzyl, tolyl. xylyl, naphMI and '^^JVjwphJ.^ ^n^^^^^ ^ di-isobutylhexylaluminum. tn- 
l^uim. trihexyaluminum. c«-isob,^J«^^^ 

methylaluminum. triethylaluminum, ^^^^^^""^^^^j'SlSe^^^^^^^ "^"^ 

While it is not necessary to support the ^^^^^^J^^^^ preferred support. Other suitable inorganic 

cursors do provWe superior performance and are P^.f ^-y^ J^^^^ p^etrSed with an organoaluminum 

«, Side supports are aluminum phosphate. being used in a quantity suffi- 

* CouSsuch as triethy^uminum, and Silica r^^^^ 

dentto react with the hydraxyl groups on the support whiOh o*^^™*' J« ; a solid, particulate 

Tm in the catalyst ^ not in su«icient ^J-^f ^"^^^^^^^ °' Z 

material essentially inert to the polymerization. It b used /"^P^^ .°,ea^ per gram 

« rrmfcronsandVeferab^aboutaOtoaboutl Or^^^^^ 

SeS;srg:rfo=i^^^ 
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donorso.vent...owedbys;.ventre.c^underr^^^^^^^ 

,n most instancesjt is preferred thai the tta™^^^^^^ 
mir^umcocatalystprior to being ted J ^^^^^fff^ ^^J^^^^ reactor ir, ar, amount suffK:.ent 

that an additional quantity of the ►'ydrocarbyl alum>^^^^^ ^ ^ , ^ be desirable 

,0 increase catalyst aclivHy in the second r^^ H^^ 

to prereduce or activate the ^^^'^-^ ^f^^^rSn^t^n^^u^ to feed additional quan«ties of coca^ ^ to 
the first reactor. When this is done, it is neverthel^s J^r^^ cocatalyst is fed to each reactor neat or 
Tih reactor to maintain the le^elofaclivitydortullya^^^^^ 
asasolution in an inert solvent such as sopentaneJfthetrt^^^^^ 

alystpriortobeingfedto1hereactor.thecoc^y^^^^^^ 

'»-r::hrger:pre.erred.it.y.^ 

^-tUe.en..ryrangesa^pref.redra.esofmo^^^^^^^ 
tems utilizing titanium/magnesium complexes are as foilcws. 
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Table 1 



Catalyst Components 

Mg:X 
Ti:X 
Mg-.ED 
Ti:ED 

Cocatalyst used as Partial Activator:Ti 
Total Cocatalyst:Ti 
ED:AI 



Broad Exemplary Range 


Preferred Range 


0.5:1 to 56:1 
0.005:1 to 28:1 


■ 1.5:1 to 5:1 
0.075:1 to 1:1 


0.01:1 to 0.5:1 


0.05:1 to 0.2:1 


0.005:1 to 28:1 


0.15:1 to 1.25:1 


0.01:1 to 0.5:1 


0.1.1 to 0.25:1 


0:1 to 50:1 


0:1 to 5:1 


0.6:1 to 250:1 


11:110 105:1 


0.05:1 to 25:1 


0.2:1 to 5:1 
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Spec.ce.^les..edes.ibedca..s^^^^^^^ 
prepamtion are disclosed, for example, .n U S. Prtent 3. J ■ ^ ^35. „ ,20 503; and 0 

'^'^Sertype.ca.^tsu^letor.e^essan™^^^^^^^ 
conoirrentintLctingotapre^ouslydriedsoW^^^^ 

the dkyi group contain, for example. 1 to ^J^T^^^^^ tetrahydrofuran. or n-butyl ether. Such 

with or wfthoulan electron donor. e.g an e^he^o^^^^^ 

a T.Mg complex is utilized with a hydrocarby^ aluminum c«^^^^^^ 

feeding isopentane into the first reactowth the cata^^^ 

Still another Class of catalysts ^''."^^^^'"^l^n^,^^ with a liquW. e.g.. tetrahydrofuran. cor,- 
ously dried, solid, inorganic, porous ^Z^^^^^^S'^rJ^^^^^i "o"^ "*T. 
taming a hydroca*yl magnesium. e.g. '^^^'^^^{^'Z^^P^e, with a solution of transition metal 
a magnesium precipitate on the carrier surface, and conte^^^^ 

com^>und. e.g., a tetravalent titanium S dried in the presence of an oxygen- 

or mixture of complexes on the surface of the '^''^■J^^''^^^^ resulting supported transition metalWg com- 
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, oxide (MgO) support wHh arjo^fl^^^^ feSfp^^ S^ln umTetracNoride and an alkand to 12 
material with a titanium compound •^^'i^** 1^"'*"^^ e o tri-n-hexylaiuminum to obtain the sup- 

which is incorporated herein by reference. _ i™,prtion are those prepared by treating a magnesium 

Another groi,> of catalysts suital^e for the ^'^^^^^^^^^c U reacting the treated 

Lge, for example of about2to100gramatom^^ 

^ :.-s^:isar^rer^^^^ 

cocatalyst be fed to the second reader to iricreasecjal)^^^ 

Referring now to the drawing, catalyst '^'^^.^Srif tr^ gas such as nitrogen. H used. 

1 through line 2. Ethylene, comonomer. e.g.. n-hexene .1 "^«^:„^i^-X;ldriitS Ihey are combined with 
« and coLtalyst,e.g.triethyWuminum (TEAL), are f«^^^^^^^ 

recycle gas and fed into the bottom of reader 1. The gas ^'^^'^^^^^^^^^^^ p^^ides associated wHh polymer 
cies in reactor 1 are such as to form a f luKized ""^"^^^^^ ^ [ The conditions in reactor 1 . e.g. 
formed by the polymerization of ethylene and. if P'«enl «»«>no'n" arecontrolled suchthatthe 

S:;alprLrEhylene,hydmgen/eth^^^^ 
«, Symerwhichformsisolreteth^elyhiflhmolecu^^ 

4i8recompressedlncompre8Sor6.c«x)led.nheatexch^^ 

of reactor 1 after being optionally combined ^"^^^fT^^ catalyst 1 are transferred to 
Periodically, when sufficient HMW polymer ^^^^^^f^^^'^^Z^^Z^ax^ HMWpolymer 
cfischargetankgby opening vah,e10wh-levalve8^ 

u and catalyst from reactor 1 which is desired •■^'"^'^^f^^^^ '^^"catalysl into transfer hose 15. Vah^e 
second reactor 14 is activated by opening valve ^^"^^^^.^^^^"^^ J opened, ensuring that any gases 
13 18 then closed to isolate transfer hose 15 from discharge '^-^J. ^.^J^' hose 15 is then pes- 
«king through vakeiaare vented anddo not back.leakacro^>«lve 

suriz^withreador-cyclegasfromreac*.14byopenj^^^ 

rnrn~-»-^^^^^^ 

. niXa.er.cydegasconprlsing^^^^^^^ 
pressed by conpressor20.flow8 through valves21,^ai^2^^^^ 

surized transfer hose 15 as '^^f^'t^'^f^^'J^^^ZLI^^ hosl 1 5 is stopped by closing 
After the transferto reactor 14 is effected, the flow of gas from r^ iji ^ 

vah^s 21. 22. 23 and 16. Eth^ene. hydrogen^ 'TnET a'e o'Sl^ T^^^^^^^ 25 after being combined 
and cocatalyst or catalyst component if ^^^^^f^-^ ^eTg Sch is compressed in ccmpressor20. cooled 
with unreacted cycle gas leaving the top of reactor 14 tiirajh^^^^^^^ 

in heat exchanger 26 and enters thebottom 01 rector U^^^^ 

partides In reartor 14 are such as to form fluidized or '^'^^^^^ i. ^ conditions in reactor 14, 
Salyst including the transHion meta^ such that a relatively low 

e.g.. partial pressure of ethylene. Mrogen/ethylene rat» ai^ten^^^^ 

molecular weight (LMW) polymer fom* 7*;, tf«ton^ rSltiZ^^n^ pol^eVhaving a desirable 

from readorl.Afterasufficient amount of U«Wp(^ym«hK^^ 

sr;rr;crred^^^^^^^^^ 



so 



55 e.g., 
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lected by closing valve 30 and opening valve31.resulting in 
line 32. 

The following Examples illustrate the Invention. 
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ischarge of the final polymer product through 



5 ExgrnoieJ. 

plextodehydrated Silica treated With suff-aenttnejteu^^^^^^^^ 

to lunction signHieantiy as partial acAvator or ccx;atal^, dry.ng tj^^^ ascocatalyst. The procedure used to 
reducing or partially activating the ^^PP^^ed PJ«"7;;J excepTthat the partial activation 
prepare the catalyst was substantially that "'^P^^^^^j^^^^ alone as partial activator 

of the supported magnesium and titanium precursor was camea out win in n ^ 
SttrS the la«e?together with diethyteluminum o^o^^^ TX^TlTlT.^^^tZ AU^S. 
lM.|(V)lc«ntained the following weigmprecentages of c^^^^^ 
using the foregoing party ly activaed cata^^. a gas pt^ase^^^^^ 

using two reactors operating in the tandem mode ^^^"^^i^^Sm to both reactor.. Nitro- 

ene as comonomer to reactor 1 (but not reactor 14 ^'^^rS 0^«^^^ of other conditions in both 
gen was used to conlrc. the total ^^^^'^'^'^^'^.'^S', blow molded into bottles intended for 
reactors, which were controlled to produce a '"^^^^^^^^^ l .u. oartial pressure of the ethylene. 

househoW Industrie ^^^^'^^'^''^V'^JT: ^nJS/C l^^e moS'rat^o S nSl tJ ethylene wfth the gas 
"Ha^Cz" is the molar ratio of hydrogen to ethylene, and Ce/Cz « tne rnoar raoo u. 



Table II 
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Reactor 1(HMW) 


Reactor 14 (LMW) 




Temp. f»C) 


84.3 


104.9 




PC2-(psi) 


41 (283 kPa) 


98 (676 kPa) 


30 


H2/C2 


0.049 


1.26 




C6/C2 


0.032 


0.0 




TEAL (ppmw) 


234 


160 


35 


Throughput (Ib/hr) 


31 (14kg/hr) 


55{25kgAir) 


Resid. Time (hrs) 


3.9 


3.4 




Cat. feed (g/hr) 


6.7-7.2 


0.0 



40 
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Index WJicates a a* Ngh itesree ol irtst-pailicl. homosmeitif preoaw c»u»~ i 
(3.5 kg). 
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The 



procedure of Example 1 «a8 follwed using slightly diHereni process oondrtlons as sho«n in Table I 



s 




Table 111 








Reactorl (HMW) 


Reactor14(LMW) 




Temp. (°C) 


80.0 


105.0 


10 


(psi) 


32.0 (220 kPa) 


94.7 (653 kPa) 




H2/C2 ratio 


0.032 


1.07 




Ce/Cg ratio 


0.032 


0.0 




TEAL(ppmw) 


345 


138 


IS 


Throughput (Ib/hr) 


23{10kg/hr) 


64(29kg/hr) 




Resid. Time (hrs) 


4.0 


3.1 




Cat. feed (g/hr) 


9.7 


0.0 



20 



IV. 



30 



35 



40 



FI (g/10 min) 41.4 n, g/10 nin. 26 

Density (g/oc) 0.956 MER 98 

(432 kg/mh 
SBD (lb/ft"*) /27 Density, q/cc 0.955 

(0,6inm) 

APS (indi) 0.028/HI 1*59 



Productivity 
(lb/lb solid cat) 3000 

Productivity 



BO 



(g/g atom Ti) 13.4 x 10 
55 Bottles(ASTMJ6oz)blowmoldedfromthepelletedre8inhadtheproperties 
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Table V 

Weight (g) 26.3 

Diameter Swell (inches) 2.12 (54 mm) 

ESCR.F5o(hO«6 

TopU)ad(l))8.l2(3.7kg) 



10 
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Table VI 



25 



30 



35 





Reactor 1 


Reactor 14 


Temp. rC) 


80.0 


104.9 




36 (248 kPa) 


105(724kPa) 


H2/C2 ratio 


0.023 


1.72 


C6/C2 ratio 


0.027 


0.024 


TEAL(ppmw) 


382 


240 


Throughput (Ib/hr) 


27(12kgAir) 


43 (20 kg/hr) 


Resid.Time(hrs) 


3.8 


4.8 


Cat teed (g/hr) 


7.7 


0.0 



* oL bimodal resin obtained from reactor 14 are 8ho«n .n Table VII. 



SO 
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Table VII 
Granular 
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Fl(g/10min.) 5.04 
Density (g/cc) 0.945 
Fines (wt.%) 0.7 
SBD (IWft3) 25.0 (400 kg/m^) 
APS (inch) 0.027(07 mm) 
Productivity (lb/lb solid cat,) 2730 
Productivity (g/g atom Ti) 12.2 x 10^ 
Xi 0.62 



Pelleted 



20 



Fl (g/10 min.) 4.1 
MFR67 

Density (g/cc) 0.945 
H1 1.23 

Gels Moderate 



25 



The bimodal resin could 
30 gx^mple 4 



be formed with good processability intof ilms of superior mechanical properties. 



in Table VIII. 



40 



^'^^ r 5 (379 kPai34)85 +f 7 (586 kPaiAS) 

pr - (psi) 55 ^- Q 2.0 +. 0.1 

H 7CL ratio 0.025 ^- 0 0.033 +_ 0.003 

d/d ratio 0.034 - 



^ ,« a3 Whr) 51 (23 kg/hr) 



55 



TjTOi^ (Ib/hr) 28 (13 kg/hr) 
Resld. TlnB (hrs) 2.8 
cat. feed (g/hr) 8.5 



3.4 
0.0 



Properties of the HMW polymer produced in reactor 1 «ere as shown in Table IX. 
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Table IX 
Fl{g/10min) 0.35-0.45 
Density (g/cc) 0.929 - 0.931 
SBD(lbm^)18{288ko/m?) 
Rnes(wL%)1.9 
APS (Inch) 0.023 (0.6 mm) 
Productivity (lb/lb solid cat.) 1500 
Productivity (g/g atom Ti) 67 x 10® 



Properties of theblmodal resin Obtained from reactor14.erth^^ 



Table X 

Granular 
SBD (lbm=')24(384kgAn^) 
Fines (wt%) 1.9 
APS (inch) 0.026 (0.7 mm) 
Productivity (lb/lb solid cat) 3300 
Productivrty (g/g atomTi) 14.8x10® 

Pelleted 
FI(g/10min)5-8.5 
DensHy (g/cc) 0.944 -0.946 
MFR95-105 



Z iSSeb wTn tfe catalyst is used in a single stage gas phase f luid'^ed bed process. 
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I 



of200g/10min.andadensHyrt0.974Wusingatwin^e«Brabender«trud^^^^^^^ 
LMW fractions of 0 5 an 1^1 of 0.32 g/10 min. an Fl of 36 g/10 min., an MFR of 1 12 and a density of 0.^7 g/cc. 

diameter of 2 12 in (54 mn), and a relativeiy low meH fracture roughness of 100 microinches (2.5 microns). 

The foregoing data indicates that the catalyst of this example is suitable for use in the tandem gas phase process 
of this invention to produce a bimodal resin having satisfactory properties for blow molding applications. 

A catalyst ms prepared as follows: 255.9 grams of Davison 955-600 (Trade Mark) silica were ^^"^^^^^^^"^ 
neck 3-liter K>und-botom flask fitted with an overhead stirrer kept under a slow purge of nifrogen. Dry heptene m an 
Z^JiSmM was added to the flask which was placed into an oil bath set at 60.65-C Then, 1 81 ml of a ^^02 
S solution Of di-n-but^magnesium (DBM) in heptane were added *opwise u.^^^^ 
utes. 30.5 ml of titanium tetrachloride diluted in about 100 n^ of heptane were added to theah^^ 
Ibr 10 minuter The heptane was removed by evaporation with a strong nrtrogen purge fo^ 6 hours arxl 286 flranj o 
brown, free-flowing catalyst powder were recovered whteh analyzed as follows: Mg = 1.6wt.%,T^ 

" 9 97 wt % u 4u^j 

' ■ The HMW polymerization procedure of Example 5 vws followed under the foltowing specific conditions: the ethyl- 
eneSalTeSuri 72.6 psi (501 kPa). «ie H,IC^ ratio was 0.09. the C^IC, ratio was 0.039 tfie cocatalyrt was 
d SalKm hydrWe (DIBAH) ^ an amount of 330 ppmw, and the productivity was 2200 IM^^^^d catalyst to 
nroduce an HMW copolymer having an Fl of 1 .5 g/10 min.. an FR of 16 g/10 mm. and a densrty of 0.938 g/oc. 

?h1 toegoing HMW copolymer was melt-blended asdescnDed In Examples with an U^IW etivlene homopdymj 
haviran^^fl/IO -"i" and a density of 0.977 g/cc to produce a bimodal polymer blend having HMW and UWW 
fSnrof05an2of0.32g/10min..anFlof32g/10min.anMFRof100andadensilyof0.955^^^^^ 

SsblerSjirtoitedanADS-weighlofO^ 



ness. 



The results of tiiis example indicates that catalysts based on silica,di-n-butylmagnes.umandtitenw^ 
with DIBAH asacocatalystaresuitablefa use in the processdthis invention to produce 
relatively high overall productivities. Similar results couW be obtained with triisobutyl^^^^ 

witti the described primary catalyst. 

The catalyst was prepared as follows: In part A of the preparation. 289.5 grams of Damson S^^SOOSi'JS^ 
silica havinganominalaveragepartidesize of 50 microns were ti-ansferredintoa4-neck3.lrter round bottom fl^^^^ 

SrJl3e2SSr and !nder a slow purge o. nitrogen. About 1500 ml of dry tetrahydrofuran (THF) were added to 
rtSkXhwas placed imoan oil bath set at 60^'C.Nextl84 ml ofa2.0 Molar sol^^ 
rwein tSf was added dropwise using an addition funnel to the silica/THF slurry. After 10 minules. me THFwas 
rZ^X JSllafion to yieSd a white free flowing powder. The powder was dried for 16 hours under a^ow ™^en 
p!!S?Sth the oil bath set at 80-85-C. and. except for 2 grams which were removed from the flask, constrtute the part 
A product. The powder was found to contain 6.0 wt% of THF , . „ ... ^ u^,„ -nrt ifi9 

•^in part B of^preparation. 1500 mis of heptane as receh^ed was placed ^'^ll^^'^'Z^^^^^l^ 
ml of neat titanium tetrachtoride was added dropwise to the heptane using an addition ^"^^.I^^ ^dirton ww men 
SohonSlthepartAproducL The Slurry was Stirred lorl.5 hours with the oil b^^^ 
SSoseEndLreaction solution wasdecantedthroughagasdi^^^ 
L.Thesilica was ttien washed Six times withaboutlSOOmlsofdryhexane. After the last w^^^^ 

with a nHrogen purge to yield 370 grams of a very light tan catalyst precursor. Analysis: Mg - 2.52 wt.%, Ti - 3.36 wi.%. 

THF — 3 2 wt % -J 

Theforegoingcatalystwasusedtocarryoutatwo stage. HMWfiist.gasphasefluidized bed 
modl^s ZS" th'e dr^ng and simiL to that described in Example 1 , under -"J 
superior high molecular weight, high density ethylene polymer film resin. As cocalalyst, J'^'^y'^"™;""^^ 
f^^to theliret (HMW) reactor and trImethylaluminumrTMAjtotheseoond (LMW) reactor. Ranges 

emptoyed are shown in Table XI. 
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Rftador 1 fHMW) 

neeiwiwi 1 \i iiwi»»/ 


Reactor 14 (LMW) 


Ten^. (*C) 


75-80 


95-105 


PC2 (psi) 




85-105 (586-724 kPa) 


H2/C2 ratio 


0 030-0 040 


1.9-2.2 


CJCo ratio 


0.025-0.040 


0.030-0.040 


TEAL (ppmw) 


250-300 


none 


™a (ppmw) 


none 


80-110 


Product (Ih/hr) 


26(12l^r) 


24 (11 kg/hr) 


Resid. Time (hrs) 


2.8 


3.2 


Cat. feed (g/hr) (precursor) 


6.7-7.2 


none 



In addition to the conditions shown in Table XI, the cycle time for the transfer of polymer and catalyst from HMW 
reactor 1 to LMW reactor 14 was 2.5-3 min., the weight of polymer and catalyst per cycle was 2-4 lb (0.9-1.8 kg), and 
the residence time of the polymer and catalyst in transfer hose 15 was 30-45 sec. 

■me HMW polymer leaving reacta 1 was found by direct measurement to have an Fl of 0.2-0.6 g/10 mm. an FR 
15-17 g/10 min. a density of 0.928-0.939 g/cc. a fines content of 5 wt.%. an SBD of 21 IWIt^ (336 kg/m^), and an APS 
of 0.025. and was produced at a productivity of 1.7-1.8 kg polymer/g catalyst, and the LWW P^^vr^ ^"l^^"^ 
1 5 was catenated from a single reactor process model to have an Ml of 200-400 g/10 min. and a density of 0-955^ 
g/oc and was detemiined by difference to be produced at a productivity of 1 .5-1 .6 kg polymer/g catalyst, nie t»moda^ 
resin obtained from reactor 14 had an Fl of 5-1 1 g/10 min.. an MFR of 125-140. a fines content of 4 wt%. an SBD d 
26 ibm^ (416 kg/m^). an APS of 0.026 and an HMW fraction (XO of 0.5-0.6 and was proArced at a prcducftvity of 3200 

^ "rhrbiiSSSn of tHs example was btow extruded into a film of 0.5 ml thfekness at a melt pressure of 7250 psi 
(50 MPa) and with good bubble stability. The f im had a Dart Drop (FgQ. g) of 395 (ASTIWI D-1 709). 

A catalyst was prepared as follows: as a support. 402.6 g MgO (obtained from the Calgon Division of Merck. d_^- 
ignated R 1918) (Trade Marl^ were dried for over 60 hours under flowing purified to a dry weight of 392.9 g.^e 
support was slurried in purified hexane and 0.01 mole 2.ethoxyben20ic acid (2-EBA)/mole MgO (14.8 cc "eat 2-EBA) 
was added and refluxed 4 houre. After cooling to room temperature. 8 mmd neat TiQifg dried MgO (346 cc TiO,) were 
added dropwise to the 2-EBA-treated MgO. then refluxed 16 hours. The resulting solid was washed ten times with about 
1000 cc of fresh, purified hexane each time, until there was no free TiCl4 left in the washings. This catalyst precursor 
slurry was pre-reduced with tri-n-hexylaluminum (TnHAI- - 139 cc) at room temperature to give an Aim ratio of about 
0 25 based on an amused Ti content of 1 mmol Ti/g finished catalyst. The pre-reduced catalyst was then dried at room 
temjierature under flowing N2. The finished catalyst contained, by weight. 4.48% 71. 0.70% Al. and 10.0 % CI. and had 
Al/Ti molar ratio of 0.28 and a Ci/Ti molar ratio of 3.00. ,^e,.«4-r4ha(ni 

HMW polymerization and melt blending procedures were used similar to those of Examples 5 and 6 under tne roi- 
lowing specific conditions: ethylene partial pressure, 99 psi (683 kPa): Hg/Cg molar ratio 0.14; Cg/Cj molar rabo 0.03; 
nature of cocatalyst. DIBAHfedinanamountof 560 ppmw; and a productivity of 1350 lb/lb solid catalyst 

The HMW copolymer produced in ttie gas phase fluidized bed reactor had an Fl of 1.5 g/10 mm., an FR ot 17.5 
g/10 min and a density of 0.937 g/cc. The HMW copolymer was melt blended with an LMW ethylene homopolymer hav- 
ing an Ml of 190 g/10 min. and a density of 0.979 g/cc to produce a bimodal polymer blend having a HMW IracHon of 
0 5 an Ml of 0.36 g/10 min.. an Fl of 38 g/10 min. an MFR of 106. and a density of 0.956 g/cc. On blow molding this 
blend, it exhibited an ADS-weight of 0.71 g/in (0.28g/cm). an ADS-diameter of 2.10 (inches (53 mm), and low meit frac- 
ture ^ ^^1^ .^^^^ described catalyst is suitable for the production of bimodal resins with 
properties of sufficient swell and low melt fracture which are highly desirable for blow molding applications. 
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Example 9 

A catalyst was prepared as follows: A sample of MgO support (Merck-Maglrte D) (Trade Marl^) was dried in a 500 
ml 3-neck flask under nitrogen at 250''C for 1 6 hours without stirring. 30.8 grams of this dry MgO support was then slur- 
ried in 200 ml of dry hexane in a 500-ml 3-neck flask and refluxed for 16 hours with 1.22 ml. of n-octanoic acid at 0.01 
molar ratio of the acid to the MgO. A dilute pentano) solutron was prepared by adding 53.5 ml of pre<lried 1-pentanol 
(0494 mole) to 45 ml of dry hexane in another flask. To avoid a rapid isotherm, 54.4 ml of neat TiCl4(0.494 mole) were 
added dropwise to the l-pentanol solution to form the titanium compound solution. The (1:1 pentanol^Ci4) solution 
was immediately added to the octanoic acid-treated MgO at room temperature. The slurry was reflux^ at 70*C for 16 
hours and allowed to cool. The catalyst precursor was washed 6 times with 100 ml of dry hexane and was re-slurrl»j 
with 200 ml of dry hexane, and 12 ml of 25 wt.% tri-n-hexylaluminum (TnHAI) solution (7.66 mmole TnHAI) was slowly 
added (about 3 minutes) to form a catalyst having an AVTi ratio of 0.23. The catalyst was dried for 16 hours at 65<'C 
under nitrogen purge, to give a free-flowing light brown powder. Elemental analysis indicated that the finish^ catalyst 
contained 1.1 mmoles/g of Tl. 

HMW polymerization and melt blending procedures were us^ similar to those of Examples 5. 6 and 8 under the 
folfowing specific conditions: polymerization reactor temperature. 74°C; catalyst feed, 6.5 g/hr; ethylene partial pres- 
sure, 43 psia (296 kPa); H^C2 molar ratio. 0.067; 03/62 molar ratio, 0.058; nature of cocatalyst TEAL, fed in an amount 
of 300 ppmw; and productivity, 2300 lb/lb solid catalyst. 

The HMW copolymer had an Fl of 0.41 g/10 min., a density of 0.9295 g/cc, an SBD of 23.5 Ib/ft^ (376 kg/rr?) and 
an APS of 0.019 inch. The HMW copolymer was melt blended with an LMW ethylene homopolymer having a Ml of 250 
g/1 0 min and a density of 0.960 g/cc to produce a bimodal polymer blend having an HMW fraction of 0.58 . a Ml of 0.04 
g/10 min., a Fl of 6.1 g/10 min.. a MFR of 153 and a density of 0.95 g/cc. The bimodal blend was blow extruded at a 
maximum line speed of over 300 ft/min. (91m/min) and good bubble stability into a film of 1 mil thickness (0.025 mm). 
The film had an average Dart Impact of 275 g (F50) with an average machine direction (MD) Tear of 29 gAnil 
(1 140gMim) and an average transverse direction (TD) Tear of 41 g/mil (1640g/iifim) (ASTM D 1922). 

The foregoing results indicate that the catalyst of this example can be used in the tandem gas phase process of 
this invention to make bimodal resins which can be blow extruded with good bubble stability into films of superior 
mechanical properties. 

Example 10 

The following catalyst preparation was conducted under a nitrogen atmosphere by using Schlenk techniques. 
250.8 grams of 955-60 (Trade Marl^ silica (Davison 955 (Trade Mark) silfoa calcined at 600'*C for 4 hours) was placed 
in a 3-ltter, 4-necked flask equipped with a nitrogen inlet and a dropping funnel. The silica was slunied with 1500 ml of 
dry heptane, and the mixture was stirred with a mechanical stirrer. The slurry was then heated to 50-55''0 and then 
250.8 mmol of dibutyl magnesium was added to the mixture over a 1 5 minute period. After stirring for 1 hour, 330.7 mil- 
limoles of carbon tetrachloride (OCI4) in 75 mis of heptane were added to the mixture. After stirring for an additional 1 
hour, 250.8 millimoles of TiOl4 In 75 mis of heptane were added. The mixture was stirred for another 1 hour at 50-55''C 
and then dried with flowing nitrogen for 7 hours to yield a free-flowing catalyst weighing 310 grams. Elemental analysis 
of this catalyst showed that it contained 3.1 9 wt.% Tl and 2.09 wt.% Mg. 

The catalyst was used to prepare a HMW copolymer in a 4 ft^ (0.1 1m^) gas phase fluid bed reactor under the fol- 
lowing reactor conditions: 74'C bed temperature; 32 psi (221 kPa) of ethylene; H2/C2 molar ratio of 0.035; 0^/02 molar 
ratio of 0.030; OIBAH cocatalyst feed at 570 ppmw. At an average catalyst feed rate of 4.4 grams/hr, an average pro- 
ductivity of 2300 lb polymer/lb catalyst was attained. Production rate averaged 23 Ib/hr (10 kg/hr) which resulted in an 
average residence time of 3.0 hours. The HMW copolymer was a 0.41 Fl, 0.931 g/cc density produce with a FR of 18. 

The foregoing results indicate that the described catalyst is suitable for carrying out the gas phase, tandem reactor 
process of this invention. 

Claims 

1 . A process for producing a bimodal ethylene polymer blend which process comprises: 

contacting in a first gas phase, fluidized bed reaction zone under polymerization conditions, a gaseous mono- 
meric composition comprising a major proportion of ethylene and. optionally, hydrogen, with a Ziegler-Natta or 
coordination catalyst comprising a transition metal compound as primary catalyst component and an organo- 
metallic compound or metal hydride as reducing cocatalyst. the hydrogen/etf^ene molar ratio (H2/C2 ratio) 
being no higher than about 0.3 and the ethylene partial pressure being no higher than about 100 psia (690 
kPa), to pnxiuce a relatively high molecular weight (HMW) polym^ associate with catalyst particles; 
transferring the HMW polymer associated with catalyst particles to a second gas phase, fluidized bed reaction 
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zone into which is also fed hydrogen and a gaseous monomeric composition comprising a major proportion of 
ethylene, kxjt no additional transition metal component of the catalyst under polymerization conditions includ* 
Ing a H2/C2 ratio of at least about 0.9 and at least about 8.0 times that in said first reaction zone, and an ethyl- 
ene partial pressure of at least 17 times that in said first reaction zone, to produce a low molecular weight 
(LMW) polymer deposited on and within the voids of the HMW polymer/catalyst particles, the resulting bimodal 
polymer blend obtained from the second reaction zone having a fraction of HMW polymer of at least about 
0.35. 

2. A process according to daim 1 wherein the monomeric composition fed to either or both reaction zones oonprises 
a minor amount of a 1 -olefin containing 3 tolO carbon atoms as comonomer. 

3. A process according to claim 1 wherein the 1 -olefin is 1 -hexene. 

4. A process according to any preceding daim wherein the monomeric composition entering the first reaction zone 
comprises ethylene and a comonomer, the molar ratio of comonomer to ethylene being from 0.005 to 0.7 and the 
monomeric composition entering the second reaction zone consists essentially of ethylene. 

5. A process according to any preceding claim wherein the H2/C2 ratio in the first reaction zone is from 0.005 to 0.2 
and the H^/Cg ratio in the second reaction zone is from 0.9 to 5.0. 

6. A process according to claim 5 wherein the H2/C2 ratio in the second reaction zone is from 1 .0 to 3.5. and Is from 
10 to 200 times the H2/C2 ratio in the first reaction zone. 

7. A process according to any preceding claim wherein the ethylene partial pressure in the first reaction zone is from 
1 5 to 100 psia (103 to 690 kPa), the ethylene partial pressure in the second reaction zone is from 25 to 1 70 psi (1 72 
to 11 70 kPa), and the ratio of ethylene partial pressure in the second reaction zone to that in the first reaction zone 
is from 1.7 to 7.0. 

8. A process according to daim 7 wherein the ethylene partial pressure in the first readion zone is from 20 to 80 (138 
to 552 kPa] psia. the ethylene partial pressure in the second reaction zone Is from 70 to 120 psia (483 to 327 kPa). 
and the ratk) of ethylene partial pressure In the second reaction zone to that in the first reaction zone is from 2.0 to 
4.0. 

9. A process according to any preceding claim wherein the fraction of HMW polymer in the product obtained from the 
second readion zone is from 0.35 to 0.75. 

1 0. A proess according to daim 9 wherein the fraction of HMW polymer is from 0.45 to 0.65. 

1 1 . A process according to any preceding claim wherein the temperature in the second reaction zone is at least about 
lO^'C higher than that in the first readion zona 

12. A process according to daim 1 1 wherein the temperature in the second reactton zone is from 30 to SO^C higher 
than that in the first readion zone. 

1 3. A process according to any precedlrig daim wherein the transition metal of the catalyst Is from Groups IVb. Vb or 
VIb of the periodic table. 

1 4. A process according to claim 1 3 wherein the transition metal Is titanium. 

15. A process acconjing to any preceding daim wherein the metal of the redudng cocatalyst is from Groups la, Ha or 
Ilia of the periodic table. 

16. A process according to claim 15 wherein the metal of the redudng cocatalyst is aluminum. 

17. A process according to any preceding daim wherein an addittonal amount of redudng cocatalyst Is added to the 
second readion zona 
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